Abstract -This paper introduces an electronic circuit implementation of an integrate-and-fire cell. The cell generates output current pulses when the input light intensity exceeds a given threshold. A firing cell also transmits its firing pattern to neighbouring cells, thereby causing blocks of cells to fire in synchrony when their detectors receive similar input light intensities. The synchronicity and frequency of the pulses can be used to code an image into separate regions or objects. The actions of the cell are demonstrated with the simulation of a linear 8-cell array.
INTRODUCTION
Image segmentation is an important processing stage for many vision applications, including video surveillance, robot tracking and object-based video coding. Numerous algorithms have been developed to carry out the segmentation task on a captured image. In general, the more accurate algorithms tend to be the more computationally intensive, and so are not suitable for real-time applications.
In recent years, hardware solutions to vision problems have been proposed that are based on a neuromorphic approach to circuit design [1, 2] . These circuits attempt to mimic processes that occur in biological systems. They are characterized by very large arrays of relatively simple analog processors (cells). Neuromorphic circuits that can perform object-based segmentation and selection have been proposed [3] . Usually these circuits use cells that generate output voltage or current levels based on a prescribed classification rule.
A different approach to segmentation that has received some attention in recent years uses a concept of synchronized oscillations of all the photo-detector cells that receive light from the same object. Advanced algorithms for this approach have been developed by Wang and others [4, 5, 6] . A VLSI circuit that implements the synchronization of relaxation oscillators has been proposed by Cosp [7] . In this paper, a circuit will be investigated that implements the synchronization of integrate-and-fire cells. [4] .
In this paper, the classification of objects will be based solely on light intensity. The examples will be restricted to cases where there are one or more bright objects against a relatively dark background. Each cell will respond by firing current pulses if it detects any object and will not fire if it detects the background. The cells will generate pulses using an integrateand-fire mechanism [10] . Local excitation mechanisms for 0-7803-9282-5/05/$20.00 §2005 IEEE inducing synchronization between neighbouring cells will be studied.
III.
TUE BASIC INTEGRATE AND FIRE CELL [ 1]
The circuit for the basic integrate-and-fire cell is shown in fig. 1 An example of a simulation run is given in fig.2 . In this run the input current is 20gA. The threshold levels are measured as V = 0.83V and = -0.83V, the refractory time is lI.ms, and the firing rate is 1 00Hz.
A plot of output frequency versus input current is shown in fig.3 . The frequency levels off for input currents exceeding 100OA. In fact the frequency will eventually decrease at higher input currents because the period will be dominated by the refractory period, and this period will widen because the large input current will slow the discharging of the capacitor.
IV. INTERCELL COMMUNICATIONS
In Figure 4 Basic cell with intercell excitation links the firing current to reduce the threshold levels of neighbouring cells. This can be done, for example, by using the replica currents to acts as current sinks at the RT node (node 2 in fig. 1 ). Any cell that is close to firing will fire because of the sudden drop in threshold level.
The case of adding charge to the input of neighbouring cells will be investigated in a simulation run. The basic cell, which now includes the extra elements to handle the excitation currents, is shown in fig.4 . The excitation currents of the neighbouring cells enter at node 9. If the input voltage to the cell is below Vbias, then all of the excitation currents will flow through transistor Q12, and so will not add charge to the leaky integrator. On the other hand, ifthe input voltage exceeds Vbias, then the excitation currents will flow through Q14, where they are mirrored, and the mirror current will flow into the integrator. In this way, the cell only accepts excitation current if the capacitor exceeds a prescribed level of charge. In the simulation run that follows, Vbias is set to OV, which is the halfway point between the two threshold levels. This conditional feature was introduced because adding charge too early in the integration cycle tends to push nearly synchronized pulses apart.
A simulation run that uses eight cells configured in a linear array is shown in fig.5 . In this run the top four cells have input current transitions from 30gA to 12gA, then revert back to 30gA after 2OOms; while the bottom four have transitions from 12gA to 30gA, then revert back to 12gA. Each input current changes at different times in order to create situations that require re-synchronisation of the pulses.
It is seen from the results shown in fig.5 that in general the synchronisation takes place within several cycles. However, there are anomalies with the boundary cells, which receive conflicting excitations from its neighbours. In particular, Cell 5 appears to have locked on to every second cycle of the neighbouring object, rather than locking on to the cells of the object to which it belongs.
V. CONCLUSIONS
This paper has introduced an integrate-and-fire cell that includes a mechanism for synchronizing its firing rate with adjacent cells that receive similar light intensities from their respective photodetectors. A large array of these cells has the potential to carry out large-scale image segmentation in realtime. Note that in VLSI, the bipolar transistors would be replaced by MOS devices operating in their sub-threshold regions, so that current and power levels would be much lower than those used in the circuits given in this paper. 
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